Introduction
In cone-beam computed tomography (CBCT) x-ray source and image detector rotate around the patient on a circular path. However, this imaging technique leads to cone-beam artifacts within the reconstructed volume. To avoid or reduce these artifacts the x-ray source trajectory should not be restricted to one plane. An expansion of the x-ray source movement to a three-dimensional (e.g. sinusoidal) trajectory can improve the reconstruction quality. But such an expansion can affect the radiation exposure to the patient. For this reason we developed a simulation method to estimate the radiation exposure for freely definable x-ray source trajectories, which allows us to evaluate and compare different trajectories for CBCT.
Methods
To assess the radiation exposure of a defined x-ray source trajectory we placed a voxel-based evaluation volume in the radiation isocenter and simulated the x-ray exposure. The effective x-ray intensity is determined for each volume element in accordance with the inverse square law. The resulting intensity volume represents the radiation of the used xray source trajectory.
Results
Two different x-ray source trajectories were exemplary simulated and compared using the same number of images: (a) a circular x-ray source trajectory around the patient and (b) an expansion of this trajectory with an additional lateral movement to improve the image quality of the reconstructed volume. In comparison to (a) the expanded x-ray source trajectory (b) leads to an increased mean but a reduced maximum x-ray exposure due to an enlarged irradiated volume area.
Conclusion
In this article we present a simulation method to assess and compare the resulting radiation exposure for freely definable CBCT x-ray source trajectories. The exemplary simulated three-dimensional x-ray source trajectory promises an improved reconstruction quality, but can lead to a slightly higher radiation exposure to the patient.
